O ptic nerve hemorrhages (onH) are commonly associated with such optic neuropathies as primary open-angle glaucoma, ischemic optic neuropathy, and diabetic papillopathy.
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Equally, onH has been documented in apparently healthy eyes, a subset being those subjects that have recently undergone a symptomatic posterior vitreous detachment (PVd).
2,5 the benign nature of a disc hemorrhage in the presence of a PVd was highlighted by Hoyt et al 6 and more recently has been shown not to be a risk factor for the development of peripheral retinal breaks. 7 the incidence of onH in eyes that have recently undergone a PVd is estimated 7 to be 4%; but, unlike disc hemorrhage associated with glaucoma, the clinical features in the setting of a PVd have not been well documented. Furthermore, new technologies such as optical coherence tomography (oct) have not been utilized to explore the patterns of vitreous separation that may influence the development of onH, which is the aim of this study.
materials and methods
We conducted a prospective study of 35 consecutive patients presenting with symptoms of PVd of less than 2 months' duration who had a hemorrhage on or immediately adjacent to the optic nerve at presentation at a private multispecialty ophthalmic practice in auckland, new Zealand. the study received approval from the Human research Ethics committee at the royal australian and new Zealand college of ophthalmologists.
We defined an onH as being an isolated hemorrhage observed anywhere on or within 1 disc diameter of the optic nerve. the eye involved and the number and location of each hemorrhage were recorded relative to the optic nerve head in terms of clock hours and perceived plane, be that anterior to the optic nerve and/or retina, in the retinal nerve fiber layer, or finally occupying the subretinal space.
in addition, a further coordinate was recorded for those hemorrhages that were in the plane of the retina and/or optic nerve. the subsets for this index were as follows:
any hemorrhage located within the confines of the optic nerve; Hemorrhages that were exclusively retinal; Hemorrhages that straddled both optic nerve and retina; configuration of the hemorrhage: flame-shaped, dot, or blot hemorrhage.
the diagnosis of a PVd was made on clinical grounds, namely, the presence of a Weiss ring, tractional retinal tear, and/or an optically empty posterior vitreous cavity. Patients with a history of glaucoma, ocular hypertension, or any other known optic nerve pathology were excluded.
at presentation, the patient's demographics were recorded along with previous systemic and ophthalmic history. all the patients had their visual acuity measured and underwent a dilated retinal examination. the intraocular pressure was measured using the goldmann applanation tonometer. color disc photographs were taken with either the Zeiss Viscam Pro camera or the canon 246 camera after the pupil was maximally dilated. ancillary testing included automated perimetry, color vision testing with the ishihara pseudoisochromatic plates, and testing for the presence of an afferent defect. the presence or absence of a vitreous detachment in the fellow eye was not recorded.
optical coherence tomography images were acquired us results of the 35 patients eligible for the study, 4 eyes were excluded because of inadequate photographic or oct imaging. another patient was excluded because of coexisting tortuosity of the retinal vessels, enabling 30 eyes to be analyzed. the mean age of patients was 66.5 years, and 22 (73%) of the cohort were female. the right eye was involved in 18 patients. an onH was noted in the nerve fiber layer in 23 eyes, and 7 eyes had evidence of blood anterior to the retina. two of the 7 eyes with a preretinal hemorrhage were also found to have blood in the nerve fiber layer (table 1) . one patient with 8.0 diopters (d) of myopia presented with a subretinal hemorrhage (Fig. 1) . apart from persisting floaters, the outcome in this case was benign with complete resolution of the hemorrhage.
twenty of the 30 eyes had a single hemorrhage, and the remaining eyes were noted to have between 2 and 7 hemorrhages (table 1) . seventeen eyes had flame-shaped hemorrhages, 2 hemorrhages were classified as dot hemorrhages, and larger blot hemorrhages were seen in 9 eyes. the remaining eyes had red blood cells anterior to the nerve and/or retina. the location of the hemorrhages was notated in clock hours with respect to the optic nerve head (Fig. 2) . of the 37 hemorrhages that were imaged in the nerve fiber layer, 10 were exclusively retinal, 4 were limited to within the confines of optic nerve head, whereas 23 straddled the nerve and retina. upon further analysis of that subgroup where blood in the nerve fiber layer involved both the nerve and retina, in all but 3 eyes, the hemorrhage was predominantly retinal, that is, two thirds or more of the linear length was retinal.
the majority of the flame-shaped hemorrhages were located (n = 11) within 1 to 2 clock hours of either 12 or 6 o'clock, whereas both blot and dot hemorrhages seemed to have no predilection for location. all the dot hemorrhages were limited to the retina, whereas blot hemorrhages could be seen on or in the nerve or within the retina.
optical coherence tomography imaging revealed incomplete separation of the vitreous in 20 eyes, the majority demonstrating persistent vitreous adhesion that was limited to the interface of nerve and retina (Fig. 3a) . three eyes had both central and peripheral attachments (Fig. 3B) . only in 1 eye, that with a subretinal hemorrhage, was the adhesion limited to the central part of the nerve (Fig. 1) . in 7 eyes, the site of the vitreous adhesion and hemorrhage was contiguous. all of those eyes had persistent vitreous adhesion at the interface of the nerve and retina.
seven eyes were noted to have an epiretinal membrane, although none were symptomatic. Figure 3A demonstrates a peripheral attachment to the nerve; Figure 3B , central and peripheral attachments. (Figure 1B shows an isolated central attachment to the optic nerve).
a b discussion optic nerve hemorrhages are a common ophthalmic finding, and several hospital-and population-based studies have reported a prevalence between 0.2 and 1.4%.
2,8,9 this figure is higher in patients with glaucoma, giving rise to the belief that optic nerve hemorrhages are an early and specific sign of that disease.
10 However, the emphasis on this linkage is not supported by several population-based studies, which have the advantage of avoiding selection bias and conceivably are more reliable. Both the Beaver dam Eye study and the Blue Mountains Eye study found that the prevalence of optic nerve hemorrhages increased with age but that a considerable number of eyes with optic nerve hemorrhages did not have glaucoma.
2,9 the Beijing Eye study, another population-based study on adult chinese residents in both rural and urban centers, observed similar age-related frequencies and further stated that approximately 80% of eyes with onH did not exhibit signs of glaucoma.
11 this raises the possibility that, at least in some eyes, optic nerve hemorrhages may be secondary to undiagnosed PVd. currently, no population-based studies have reported the prevalence of optic nerve hemorrhages in patients with PVd although, as we have noted, the incidence of onH in eyes undergoing recent PVd approximates 5%. 7 the association of onH and PVd has been recognized for some time. in 1936, Kraupa 12 reported a splinter hemorrhage in a patient with a PVd, and subsequent reports have confirmed preretinal, splinter, or flame-shaped, dot, and blot hemorrhages together with subretinal hemorrhages can accompany a posterior vitreous detachment. 6, 13 in the current study, we found the most common type of hemorrhage was the splinter hemorrhage that had a propensity for the inferior or superior pole of the nerve. some of these eyes demonstrated persistent vitreopapillary adhesions, suggesting that, at least in these eyes, delayed separation equated to persistent traction and resulted in mechanical injury to the superficial retinal vessels. similarly, most eyes with either preretinal and/or dot and blot hemorrhages were found to have persistent vitreopapillary connections, although this does not always correspond with the site of the hemorrhage.
it is possible that the eyes we studied with oct that did not have persistent vitreopapillary adhesions may indicate that the alignment was not coaxial with the hemorrhage. unfortunately, in the current study a variety of spectral domain technologies were used, and the imaging was not standardized.
one eye in the current study with a subretinal hemorrhage had persistent vitreopapillary adhesion limited to the central part of the nerve, suggesting persistent adhesion at this location may adversely impact the centrally located vessels, translating into a bleed into the subretinal space. another 2 eyes had similar central papillary adhesions but without any signs of subretinal blood. those 2 eyes had peripheral adhesions in addition to the central attachment, raising the possibility that the peripheral vector may be more influential in determining the location of the onH. subretinal hemorrhage in association with PVd has also been investigated by Katz and Hoyt. 6 they described this association in 8 eyes and found ultrasonic evidence of persistent vitreopapillary traction in 1 eye. optical coherence tomography technology was not available at the time of that study, but the observation that the disc was elevated might support the notion that persistent traction was more prevalent than indicated by ultrasonography. time domain oct has also been used in another, seemingly similar, group of white and asian patients with subretinal hemorrhage, who were in the main myopes.
14,15 some, but not all, had coexisting intrapapillary hemorrhage, and though no evidence of vitreopapillary traction was found on oct, this was not excluded as a possibility. alternative explanations for the blood included a crowded and/or tilted nerve, scleral thinning, and/or alterations to the choroid. ultimately, further studies may reveal the importance of vitreopapillary traction in the genesis of peripapillary subretinal hemorrhage, particularly those undergoing vitreous separation, and if in that subgroup it is restricted to those eyes with isolated central vitreopapillary traction. What currently is generally agreed upon is that peripapillary subretinal hemorrhage is a benign condition.
there is also support that traction plays a role in other forms of onH associated with a PVd. a case report from Hixson et al 16 highlighted vitreopapillary traction in a patient with a flameshaped onH and noted that this sign might be expected based on the work of Johnson, uchino, What remains unknown is why there is variation in the type of hemorrhage, and indeed, why hemorrhages are not more prevalent in eyes undergoing a PVd. anatomical and temporal factors may influence the differing clinical manifestations, although in the current study approximately 75% of the eyes had nerve fiber hemorrhages, the majority being flame shaped. Preretinal hemorrhages were the next most frequent finding. the observation that the nerve fiber hemorrhage straddles both nerve and retina in eyes undergoing PVd is not new, but the relevance of the hemorrhage being predominantly retinal as opposed to within the confines of the nerve needs further evaluation. Perhaps this differential and the number and location of onH may distinguish this syndrome from onH associated with other optic neuropathies such as glaucoma.
to our knowledge, this is the first study that has utilized oct imaging on a series of patients with onH associated with PVd. We have found that most eyes with this sign have persisting vitreopapillary adhesions, and this is likely due to tractional forces. We have also noted that certain patterns of vitreopapillary adhesion exist. Further study into this phenomenon may lead to a greater understanding of the vitreoretinal interface and the varying clinical outcomes.
